Objective: to describe the epidemiological and clinical profile of hantavirus infection and to analyze factors associated with case fatality in Goiás, Brazil. Methods: this was a cross-sectional study on case fatality due to hantavirus infection from 2007 to 2013 using Notifiable Diseases Information System (SINAN) data for Goiás State. Logistic regression analysis was performed to estimate odds ratios (OR) with 95% confidence intervals (95%CI). Results: 1,171 suspected cases were reported, of which 73 (6.2%) were confirmed. Among the confirmed cases, greater frequency was found among males (n=50), fever was the most common symptom (n=70), a high proportion of case were hospitalized (n=68). The case fatality rate was 57.5%. The following factors were associated with death: acute respiratory failure (ARF) (OR=3.6; 95%CI 1.2;10.6), hemoconcentration (OR=3.3; 95%CI 1.1;7.9) and not using a mechanical ventilator (OR=3.4; 95%CI 1.3;9.1). After adjustment, the ARF was still associated with death (OR=3.4; 95%CI 1.0;11.6). Conclusion: case fatality was identified, primarily associated with respiratory failure.
Introduction
The hantavirus infection is an acute viral zoonosis caused by viruses of the family Bunyaviridae, genus Hantavirus, transmitted to humans by rodents and marsupials secretions. This disease is associated with two clinical forms: hantavirus hemorrhagic fever with renal syndrome (HFRS), known since 1930s and endemic in Europe and Asia; and hantavirus cardiopulmonary syndrome (HCPS), first described in the United States in 1993 and restricted to the Americas, which presents cardiogenic shock and cardiopulmonary involvement, followed by severe lung disease. 1, 2 The hantavirus was first described in Brazil in November 1993 in the municipality of Juquitiba, in São Paulo State, with the first case of cardiopulmonary syndrome. The infection has been endemic in the country since then. The first case reported in the Brazilian Savanna (Cerrado) was in 1996, and the first confirmed case in Goiás State occurred in 2000. [3] [4] [5] [6] [7] In addition to Juquitiba and Araraquara subtypes, Anajatuba, Castelo de Sonhos, and Laguna Negra were identified in the country and associated with some species of rodents. Three other subtypes -Rio Mearim, Jaborá and Rio Mamoré -were considered as nonpathogenic, despite being found in some rodent species. 8 Hantavirus case fatality rate is high and its severity has been studied according to the different virus subtypes. 2 Other factors such as age, sex, clinical and laboratory results, mechanical ventilation and treatment characteristics may be involved in the prognosis. The different case fatality rates found in Brazil can be related to variations in the virulence of hantaviruses circulating subtype, as well as to the patients' different genetic characteristics and immunity. Furthermore, it is important to consider the epidemiological surveillance system and all medical support and assistance to cases identified in the different regions. 2 Patients with sepsis, dyspnea, requiring mechanical ventilation and hemoconcentration present the worst prognosis. 8, 9 Although case fatality rates are high and its severity recognized, Brazilian studies relating the prevalence of hantavirus with its case fatality rate are still scarce. This study aims to describe the clinical and epidemiological profile of hantavirus infection and to analyze factors associated with its case fatality in Goiás State, Brazil.
Methods
This is a cross sectional study on hantavirus infection in Goiás State, from 2007 to 2013, using data from the Notifiable Diseases Information System (SINAN).
Goiás State is almost entirely covered by the Brazilian savanna, the second largest Brazilian biome. This is one of the most endangered biomes in the country, due to the agricultural expansion and the population growth that began in the 1970s. 13 The selection of the period 2007-2013 was based on the need for obtaining standardized data for the longest time possible, given that the hantavirus notification forms have been modified with the implementation of the surveillance system in Brazil, which reflected in the database composition. 14 All confirmed cases recorded in the notification system in Goiás in the period studied were included, according to the definition of case.
14 First, the database was organized manually, checking for inconsistencies and repetitions. For the analysis, blank data or data recorded as ignored in the spreadsheet were excluded.
The following variables (dependent and independent) were used, as recorded in SINAN or as required in the study: a) Epidemiological: notification year ( The average age of confirmed cases was 34.9 years (SD±13.8 years) considering both sexes; it was 39.0 years (SD±14.0) for women and 33.0 years (SD±13.4) for men (p>0.50). Over half of the individuals (62/73) were under 50 years old and were male (50/73) ( Table 1) . Considering education level, the highest frequency of hantavirus infection cases occurred in individuals with elementary or high school (19 and 15, respectively) . The ethnicity/ skin color brown was the most frequent (37/73), followed by white (26/73). About a third of the cases (24/73) reported contact with rodents and the others denied or were unable to inform; out of the total, 24 cases were characterized as work-related disease, but without statistically significant association (p>0.05). The main occupations identified were: rural worker or agriculturalist (n=4), construction worker (n=5), truck driver (n=3) and wholesalers (n=3) ( Table 1) .
Results

In
Most of the notifications occurred in the Central and Southwest regions of the state, with the highest number in Goiânia (the capital city), where 795 suspected cases of hantavirus infection were reported and 32 (4.0%) cases were confirmed. The second municipality with the highest number of cases was Anápolis, which is near the capital, with 173 suspected cases and 14 (8.1%) confirmed (data not presented in the table).
There was no association (p=0.406) between the frequency of confirmed cases of the disease, considering the notification date, and the climate seasonality of the region or the season in Cerrado (dry and rainy) (Figure 2) .
With regard to signs and symptoms, fever was one of the most frequent, being present in 70 cases (70/73), followed by dyspnea (63/73) and dry cough (52/73). Besides those, the signs or symptoms that occurred in more than half the cases were IgM positive (n=57), respiratory failure (n=52), dry cough (n=52), myalgia (n=51), headache (n=45), nausea (n=41), chest pain (n=40) and diffuse pulmonary infiltrate (n=40). Renal failure was diagnosed in 51 cases and acute respiratory failure (ARF), in 53 cases. Among the confirmed cases, 32 presented hematocrit above 45% (Table 2) .
Diffuse pulmonary infiltrate occurred in 40 cases among those who underwent chest radiography (n=55). Both immune histochemical analysis and results of the white series and liver transaminases were affected by underreporting, not being possible to identify the data.
Of the total of confirmed cases, 68 individuals were hospitalized, 60 of them diagnosed with the clinical form HCPS, and 36 used mechanical respirator. The average interval between hospitalization and death was 5.8 (SD±17.6) days. Nearly all the cases had diagnostic confirmation through laboratory tests (data not presented in the table). Among the hospitalizations, 39 individuals died (Table 3 ).
The case fatality rate in the analyzed period was 57.5% (42/73); 2013 was the year with the highest rate (87.5%). No deaths by hantavirus were recorded in Goiás in 2007 (Figure 1) .
In all municipalities where there were cases reported and deaths, the case fatality rate represented more than 50.0% of the confirmed cases. In the capital, Goiânia, the mortality rate was of 56.3%, higher than in Anápolis, where it was 50.0%. In the municipality of Jataí, in the southwest of the state, which presented one of the highest frequencies of hantavirus, the case fatality rate was higher: 62.5%. Other municipalities, such as Campo Alegre de Goiás, Cidade Ocidental, Corumbá de Goiás, Mineiros, Rio Verde and Nerópolis, even with one case each, had high case fatality rate (100.0%); in Aparecida de Goiânia, two cases were confirmed, and the case fatality rate was also 100% (data not presented in the table).
The case fatality rate was 56.3% in the Central region and 62.5% in the Southwest region, being similar among women (60.9%; 14/23) and men (56.0%; 28/50), and there was no association observed between different age groups (data not presented in the table).
The associated variables in the crude analysis (p<0.05) with death caused by hantavirus were: respiratory failure (OR=3.6; 95%CI 1.2-10.6), not using a mechanical respirator (OR=3.4; 95%CI 1.3-9.1) and hematocrit above 45% (OR=3.0; 95%CI 1.1;7.9) ( Table 3) . In the logistic regression analysis model, acute respiratory failure, mechanical respirator use, low back pain, chest pain, and hemoconcentration were included. After adjustment, only the presence of acute respiratory failure remained associated with deaths due to hantavirus, with risk of death among patients with ARF increased by more than three times (OR=3.4; 95%CI 1.0;11.6) ( Table 3) .
Regarding therapeutic support, 65 patients received vasoactive drugs, 43 received antibiotics and 23 corticosteroids, and in 6 cases antiviral drugs were administered. As for mechanical ventilation, in addition (Table 3) .
Discussion
About 4 thousand cases of hantavirus infection have been recorded in the Americas since the first case was reported, in 1993. In the Brazilian Midwest region the subtypes identified were Araraquara and Juquitiba. 16, 17 This study showed that, among the confirmed cases of hantavirus infection in Goiás State, young men, with low education levels were the most affected. The case fatality rate was high and the presence of respiratory failure was associated with mortality. The frequency of notification on hantavirus infection in the period studied (2007-2013) increased over the years, however, the proportion of confirmed cases of the disease did not raise. For each confirmed case, 16 suspected cases were reported.
A study conducted in Oklahoma, United States, in 2005, tried to correlate the number of HCPS notifications and deaths whose cause was acute respiratory failure, and concluded that there might be an underreporting of cases by misdiagnosis. 18 In Brazil, an epidemiological study using the same database as here, SINAN, and retrospectively assessing 2001-2011 data nationwide, found 1,486 reported cases, with increase trend. 16 We can imply that the data notification found in this study reflect the effort of epidemiological surveillance in disease control with evident attention showed by professionals when notifying the cases. On the other hand, the differential diagnosis between hantavirus infection and other infectious diseases that are also present in the region, such as leptospirosis, influenza, dengue, yellow fever, malaria, pneumonia, and noninfectious diseases, also common in the Goiás, such as chronic obstructive pulmonary disease, systemic lupus erythematous and rheumatoid arthritis is clearly difficult. 3, 19, 20 The number of confirmed cases showed no proportional growth in relation to reported cases, i.e., more reports did not imply in more confirmations.
The total number of confirmed cases was concentrated in the South-Central region of the state, especially in Anápolis and Jataí as the cities with the highest frequency of the disease, after the capital, Goiânia. This region of the state is characterized by intensive agricultural and livestock production, as well as a recent agro-industrial development in grain production. 13 In Cerrado, this disease is present since 1996, i.e., three years after the first national case was identified in the southeastern region of the country. Considering this biome in a 16-year analysis (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , the average frequency of cases of hantavirus infection was 26.6 cases per year, which was higher than the number reported in this study. 19 Most of cases in Goiás occurred in men. Some studies reported a higher incidence among young men, associating the fact with the interaction between occupation and sex. 10 The profile of cases was similar to what was found in other studies in Brazil and in the Americas, with predominance of young men in the productive phase. Other studies also report increased frequency of HCPS cases among young individuals under 50 years old. A study conducted in Brazil, from 1993 to 2006, identified 855 reported cases -most of them occurred in young men, workers in the rural area. 10 In Argentina, in the period from 1995 to 2008, the results were similar, showing higher frequency of this disease among young adult men, workers, indicating also more severe cases among women. 20, 21 No association was found with the occupation or that could relate the disease to labor activities. It is important to highlight that the level of education identified was mainly Elementary School, which features, besides the young population, people with low education level and with occupations related to activities in the countryside or even in the city, but that do not require higher qualification, as construction workers and drivers. These occupations favor the exposure to rodents and increase the possibility of hantavirus infection. 7, [21] [22] [23] [24] No difference in the frequency of hantavirus infection according to the ethnicity/skin color was observed. Most studies link the presence of hantavirus with social, economic and environmental issues, and not solely to ethnicity/skin color. A study conducted in the United States identified the presence of pulmonary hantavirus, with distribution of 63% in Caucasians, 35% in Native Americans and 2% in American Afrodescendants, however, with no association with the incidence of the disease. 12, 25, 26 Contact with rodents or risk exposure, like sleeping in tents, house cleaning, grinding, freight transport, deforestation and rural tourism were also reported. Such situations are proven to be associated with the increased likelihood of infection by hantavirus and are not only related to the countryside, but also have been shown in the outskirts of cities in low and middle income countries, where the uncontrolled growth of the population and the low sanitation coverage promote the proliferation of rodents which invade households. 15, 19, 21 The distribution of cases did not demonstrate seasonality of the infection, since the number of cases did not change expressively in the two main climatic periods of the region -dry and rainy. This result was different from other studies, which found greater concentration of cases in the dry season, with the largest population of rodents in Cerrado; or even, in the Atlantic Rainforest, where the largest record frequency was registered between the months of September and December. 27, 28 The number of suspected cases has increased each year in Goiás, but the number of confirmed cases has not increased as well. On the other hand, the case fatality rate has increased. The case fatality rate was higher than the one found in a Brazilian study on Cerrado and was also higher than the hantavirus fatality rate in Brazil last year. 9, 19 The surveillance system should allow early case identification, still in the initial phase (prodrome), as well as efficient intervention and treatment. 16 The case fatality rate in this study was higher among those diagnosed in the severe clinical form of HCPS, and almost all patients required hospital care.
Distribution of confirmed cases of hantavirus infection (N=73)
The case fatality of hantavirus in the Brazilian Midwest and in Cerrado has been higher than in the other Brazilian regions and biomes, such as the Atlantic Rainforest. 19 The high case fatality rate can be associated to the variants of hantavirus that present different virulence. 18, 28 This was one of the limitations of this study, since the identification of the different genotypes of the etiologic agent was not performed.
The hantavirus infection in Goiás has been diagnosed in its advanced stage (HCPS), when the respiratory impairment is very common. This fact, associated with the high virulence of hantavirus, might explain the high fatality rates found. A study conducted in Brazil, from 1993 to 2007, 17 pointed that the two main strains present in the Brazilian Southeast, South and Midwest were Araraquara and Juquitiba, and that the fatal HCPS were more frequent with Araraquara virus. 12, 14, 19 In addition to hantavirus virulence and its late diagnosis, it is important to relate the health care conditions in many municipalities, especially in those that are smaller and far from the major centers and that do not have facilities for intensive treatment of the most severe cases of the disease with respiratory compromise. These associated conditions may be influencing the high fatality rates. Almost all confirmed cases were hospitalized, and most of them evolved to death.
The main clinical manifestations of hantavirus infection in the Americas are related to respiratory compromise such as cough and dyspnea. 1 In this study, the ARF is associated with fatal cases. Those individuals References who had access to treatment and were also assisted in therapeutic support by mechanical respirator had almost 30% more chances to survive. Meanwhile, hematocrit (>45%) was associated with death caused by hantavirus.
In multiple regression analysis, respiratory failure remained associated with the risk of death independent of other variables, and those with ARF were almost four times more likely to progress to death. A study conducted in Brazil, considering data from 1993 to 2006 identified hemoconcentration as an independent variable associated with high risk of death, and suggests that this variable can be used as a marker to identify severe cases of HCPS earlier, enabling better therapeutic support. 1, [9] [10] [11] The limitations of this study are related to some weaknesses of the database provided by SINAN, which still presents inconsistencies in filling the clinical records, limiting data analysis, such as onset of symptoms, date of notification/investigation, treatment and examinations conducted. Moreover, the possibility of underreporting of cases due to the difficulty in the differential diagnosis of this disease should also be considered as a limitation.
Another limitation was the absence of genotyping information of the hantaviruses involved in confirmed cases, which could be the subject of future studies, allowing the knowledge of the most common strain of the virus in Goiás State.
The points to be considered are the expansion of knowledge of an emerging disease in a region where hantavirus has received little attention from health authorities, and also the identification of weaknesses in the epidemiological surveillance system, demonstrated by the growing disproportion between the number of suspected cases reported and the number of confirmed cases and diagnosis in late clinical form of the disease.
The results of the study enabled to reveal the epidemiological and clinical profile of the hantavirus infection in Goiás, which can alert the health authorities to prioritize surveillance actions, particularly in regions of the state where the disease's frequency has been higher and high mortality rates are found. This information can also be useful in the formulation of clinical reasoning, so that health professionals are able to timely think this diagnostic hypothesis, which can help patients' prognosis.
